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Project Background  

The Pilchuck Creek and Jim Creek Seepage Study Report is a stand-alone document as well as one of a 

series that together detail the key tasks and associated findings and conclusions of the Stillaguamish 

¢ŜƳǇŜǊŀǘǳǊŜ ¢a5[ !ŘŀǇǘƛǾŜ !ǎǎŜǎǎƳŜƴǘ ŀƴŘ LƳǇƭŜƳŜƴǘŀǘƛƻƴ tǊƻƧŜŎǘ όά{ǘƛƭƭŀƎǳŀƳƛǎƘ ¢a5[ tǊƻƧŜŎǘέύΦ  

The purpose of the Stillaguamish TMDL Project is to improve water quality standards for temperature 

and salmon habitat in the Stillaguamish basin by identifying sources of cold groundwater in the streams 

and rivers which would most benefit from protection. The need for the project was identified in the 

2004 Stillaguamish River Water Quality Improvement Plan.   

The Stillaguamish TMDL Project incorporates several methodologies in its approach, which are 

documented in separate reports, as follows:  

¶ Watershed Process Characterization   

¶ Base Flow Analysis  

¶ Temperature Regime Studies  

o FLIR Temperature Imagery Analysis 

o USGS Thermal Profiling Report 

o 2008-2012 Temperature Data Report  

¶ Groundwater Seepage Study (Pilchuck Creek and Jim Creek) 

¶ Assessment Synthesis and Project Identification Report 

¶ Riparian Implementation Project Report 

¶ Feasibility Analysis for Two Temperature Improvement Projects 

 

The project was funded through a Centennial Clean Water grant agreement between the Washington 

State Department of Ecology and Snohomish County. It was initiated by Snohomish County Public Works 

Surface Water Management in 2010 and completed in 2015.  

 

The final summary report and associated maps can serve as a tool for policy and regulation 

development, species conservation, water quality and watershed management planning efforts in the 

Stillaguamish Basin.   
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Executive Summary  

Seepage study ɀ a field survey conducted to quantify the interaction between 
groundwater and streams. Concurrent discharge measurements are made at points 

along the mainstem of a stream. The relative increase or decrease in discharge 
between measurement points that is not accounted for through physical diversion 

or tributary input is the volume of water exchanged between the stream and 
groundwater storage. ɀ Sinclair and Pitz 1999. 

 

Pilchuck Creek ς A seepage study was implemented on September 1, 2011 in lower Pilchuck Creek (River 

Miles 0-6.7). The seepage study included the measurement or estimate/review of flow at 25 locations, 

including flow measurement at 7 Pilchuck Creek cross-sections and 8 tributaries during the 6 hour 

period. Other locations were dry or were seeping groundwater. Surface flow in Pilchuck Creek increased 

by 65% from upstream to downstream (6.7 miles). Groundwater seepage contributed 60% of this flow 

accumulation, after accounting for surface inflow. The majority of groundwater inflow, 77%, occurred 

from RM 0-3.1. More discretely, the highest rate of groundwater inflow was nearest the mouth and 

confluence with the Stillaguamish River. This high rate of groundwater inflow lowers stream 

temperature in Pilchuck Creek nearest the mouth where temperature is often unsuitable for salmon and 

trout.  

Upstream from I-5, flow contribution from tributaries, floodplain areas, or other groundwater discharge 

locations predominantly arose from the east (toward Harvey-Armstrong subbasin). This discharge is 

coincident with widespread areas of permeable upland glacial deposits (recessional outwash and 

advance outwash) or alluvium in the floodplain, indicating summer base flow from seepage gain is 

correlated with these landscape-scale geologic features. In locations with flow gaining reaches, such as 

lower Pilchuck Creek, temperature improvement could be achieved by a variety of approaches at the 

habitat-unit, river-reach and catchment scales. Large wood jams that scour deep pools will improve 

groundwater inflow to this key habitat type. Large wood that traps gravel, forces complex hydraulic 

routing, and creates steeper water slope (hydraulic gradient) between habitat units can improve 

hyporheic exchange (and cooling).  

Large wood restoration can improve habitat complexity at cold tributary confluence locations thereby 

enhancing habitat suitability where temperature characteristics are most likely to be favorable during 

summer. At the river-reach scale, large wood jams could promote sinuosity to increase channel contact 

length with shallow floodplain groundwater discharge. Wood jams that alter flow routing and channel 

migration also may increase connectivity with side channels or off-channel habitats receiving floodplain 

and upland discharge. At the river-reach scale, protecting and improving stream shading with riparian 

vegetation, and promoting catchment area infiltration, recharge, and surface flow retention (opposite of 

ditching and channelization) could promote water recharge for seasonal storage and summer base flow 

support. 

Jim Creek ς the seepage study was implemented September 4, 2012. The seepage study included flow 

measurement at 11 locations, including 7 Jim Creek cross-sections and 4 tributaries. Other tributary 

locations between discharge cross-sections could not be sampled, which significantly limited overall 
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evaluation of groundwater seepage. At the same time, there appeared to be a 12% decline in stream 

flow at the end of the seepage run. Discharge values for 2 locations (15 and 22) were adjusted higher by 

12 %. The contribution of groundwater as seepage flow was estimated for 3 cross-section pairs. In the 

first 8.5 miles of flow accumulation (upstream to downstream), discharge increased from 4.33 to 12.07 

cfs, an average of 0.91 cfs/mile. This increase occurs where at least 14 mapped and unmapped 

tributaries join Jim Creek, but their contribution was not calculated. At the same time, in the lower 4 

miles of Jim Creek, where local precipitation, surface water storage, and total recharge are relatively less 

than in upper Jim Creek, flow only increased from 12.07 to 13.28 cfs, an average change of 0.3 cfs/mile. 

Moreover, most flow originated from Vos Creek (Location 23), which apparently contributed 16.5% of 

the total Jim Creek discharge during the seepage run (1.99 cfs). And, Vos Creek was very cold (12.3 C @ 

4:00 pm 9/4/2012), originating from the Arlington Heights deep glacial outwash aquifer. Whereas the 

first cross-section pair was estimated to have groundwater inflow, the other 2 locations appeared to be 

losing reaches, where net surface flow decreased downstream due to loss of surface flow downstream 

of Vos Creek. Stream shading in this section is recommended. 

In locations with naturally losing reaches, temperature improvement could be achieved by a variety of 

approaches at the habitat-unit, river-reach and catchment scales. At the habitat-unit scale, the 

improvement of habitat complexity at cold-water tributary confluence locations may benefit habitat 

quantity and quality at thermally suitable locations. Deeper scour pools and hyporheic exchange may be 

ineffective if warmer surface water flows sub-surface. At the river-reach scale, in flow losing reaches, 

side channels formed by bankfull discharge may be dry at base flow. Increasing floodplain roughness 

and surface water storage during higher flow periods may promote recharge to increase local floodplain 

hydraulic gradient, which may improve side-channel and off-channel flow volume and habitat 

availability. Otherwise, at the river-reach scale, protecting and improving stream shading from riparian 

vegetation is crucial. Promoting catchment area infiltration, recharge, and surface flow retention 

(opposite of ditching and channelization) could promote water recharge for seasonal storage and 

improved base flow support for temperature control. 
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Introduction  

Seepage runs are used to improve understanding of the exchange of surface water and groundwater in a 

stream and to determine the quantity of water being gained or lost from a stream reach (e.g. Sinclair 

and Bilhimer 2007). Seepage runs are implemented by measuring stream flow at several points along a 

stream at the same instant in time (or as close as possible) and accounting for any surface tributary 

inputs or diversions. Once the surface water inflow locations and amounts are quantified, the sequential 

flow information can be used to identify whether groundwater is discharging to a stream reach (gaining 

reach) or whether stream water is recharging groundwater (losing reach). Seepage runs are typically 

implemented at stream annual base flow, when the fraction of groundwater contribution relative to 

surface runoff is normally highest in Puget Sound (Pitz and Sinclair 1999) and when daily flow fluctuation 

is less and often stable over many days (Figure 1). The following mass balance equation is the basis for 

groundwater seepage evaluation: 

Net seepage gain or loss = Qd ς T ς Qu ς D 

Qu = discharge at upstream end 

Qd = discharge at the downstream end of a reach 

T = sum of all tributary inflows within a reach 

D = sum of all irrigation or diversion outflows 

The result is an estimate of the water exchange between surface water and ground water between 

sequential cross sections. Stream reaches that are strongly gaining due to groundwater contribution 

may also have cooler stream temperature as colder groundwater flows into the surface water system. 

Alternatively, stream reaches that lose surface water to groundwater may warm significantly as water 

surface volume decreases. Seepage runs do not provide information about gains or losses between each 

cross section, but longitudinal stream temperature profiling, thermal infrared surveys and consideration 

of larger landscape conditions, such as floodplain extent and surficial geohydrology (Vaccaro et al. 1998) 

may assist with interpreting controls on flow contributions. The seepage runs will improve our 

knowledge about groundwater and surface water interactions in the targeted sub-basins and assist with 

developing conceptual and site specific recommendations.  

For this project task, the following objectives and steps are as follows; 

1. Identify reach locations for seepage study cross-sections, 
2. Select discharge measurement locations and confirm (estimate) flow from tributaries, 
3. Complete quantitative flow measurement at river cross-sections, tributaries, and by estimation. 
4. Calculate gaining and losing reaches using mass balance equation, 
5. Create GIS map of losing and/or gaining reaches for each sub-basin, 
6. Produce summary tables and interpretive report. 

It should be noted that this study does not allow for specific interpretation of groundwater flow 
direction, volumes, or timing of flow volume exchange. 
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Figure 1. Pilchuck Creek water year (2010-2011) daily flow highlighting seasonal flow recession to 
summer (August-September) base flow. 2011 seepage study dates are shown with arrows.  

Location Overview - Pilchuck Creek (2011) and Jim Creek (2012)  

Recent watershed characterization results (Companion project report) suggest that Pilchuck Creek; 

¶ lacks abundant water delivery from precipitation and snowpack due to lower headwater 
elevation,  

¶ has weak surface and near surface storage characteristics,  

¶ is more prone to runoff rather than recharge due to high amounts of impermeable glacial 
deposits (i.e., till) and bedrock geology, 

¶ has higher discharge potential due to channel density.  
 
These water flow process characteristics suggest Pilchuck Creek naturally will have lower summer base 
flow (on a per area basis and absolute basis) compared to many other Stillaguamish locations. These 
watershed conditions suggest Pilchuck Creek will be very sensitive to other watershed and river 
alterations from land use practices.  
 
These watershed characterization results also suggest there may be relatively lower groundwater 
discharge to the mainstem of Pilchuck Creek, but should be tested. Water temperature in lower Pilchuck 
Creek is among the highest observed in the Stillaguamish River watershed (Snohomish County, 
unpublished data). In the absence of influence from strong groundwater discharge, stream temperature 
will be expected to be higher and more sensitive to heating due to low base flow and effects from 
channel alteration and/or riparian degradation. The seepage study in lower Pilchuck Creek will help to 
identify whether groundwater inflow is variable and where this occurs in the lower seven miles. Low 
groundwater process importance suggests that temperature could become easily degraded where 
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groundwater inflow is low, riparian vegetation is disturbed, channel dimensions are wider (due to 
sedimentation and erosion), and there is weak streambed connectivity with hyporheic water exchange. 
 
Jim Creek has greater overall water delivery, recharge, surface storage, and discharge characteristics 

than Pilchuck Creek. Jim Creek was chosen for this seepage study because it is suitable for wadeable 

stream discharge measurement, it was previously investigated for its longitudinal temperature profile in 

2011 (companion report), there is a stakeholder interest in restoration implementation, and because 

less is known about temperature variability in Jim Creek.  

Methods  

Seepage runs are implemented by conducting near-simultaneous measurements of stream flow at 

several points along a stream and accounting for changes in discharge from surface tributary inputs or 

diversions. Once surface tributary inputs or diversion locations, and their respective discharges, are 

quantified, the stream flow information can then be used to identify whether groundwater is 

discharging to a particular stream reach (i.e., it is a gaining reach) or whether stream water is recharging 

groundwater in that reach (i.e., it is a losing reach). 

Gage Information  

Prior to implementing the seepage runs, daily rainfall and flow were tracked in Pilchuck (during the year 

2011) and Jim (2012) Creeks. Both streams have been gaged for several years by the Washington State 

Department of Ecology (Ecology). Stream flow, continuously measured and transmitted (every 15 

minutes) at the stream gages, was used to plan the seepage runs and display overall flow patterns 

before, during, and after the discharge measurements were taken. At Pilchuck Creek, the gage (Ecology 

#05D070) is located at river mile 0.5, at old HWY 99 at Snohomish County Bridge 626. It began operating 

in May 2004. Partial or complete data for water years 2001-2013 (except 2003) are available for 

download at: 

https://f ortress.wa.gov/ecy/wrx/wrx/flows/station.asp?sta=05D070&historical=true#block2 

At Jim Creek, the gage (Ecology #05G070) is located at river mile 3.3, at Whites Road. Specific coordinate 

information is available from Ecology. The gage began operating in May 2004. Partial or complete data 

for water years 2004-2013 are available for download at:  

https://fortress.wa.gov/ecy/wrx/wrx/flows/station.asp?sta=05G070&historical=true#block2 

Seepage runs are best conducted during summer baseflow, because the relative contribution to stream 

flow from groundwater is usually greatest and more easily detected during periods of low, constant 

discharge (Figures 1 and 2). 

https://fortress.wa.gov/ecy/wrx/wrx/flows/station.asp?sta=05D070&historical=true#block2
https://fortress.wa.gov/ecy/wrx/wrx/flows/station.asp?sta=05G070&historical=true#block2
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Figure 2. Jim Creek 2011-2012 water year daily flow. Red arrow shows date of seepage study 
(September 4, 2012). 

Flow Measurement Locations 

Flow measurements for both seepage runs were primarily in the main creek of interest, but also 

included several accessible tributaries in both Pilchuck and Jim Creeks. In Pilchuck Creek, seven 

discharge measurements were made in the lower 6.7 miles of the channel. In addition, 25 other 

locations were evaluated for the presence or absence of flow, either at the time of the seepage study or 

a few weeks prior to it (during baseflow). In Jim Creek, seven mainstem locations for discharge 

measurements were chosen based on access. Four tributaries were also measured. Unfortunately, the 

magnitude of flow at several other tributaries was not quantified; and for a few remote locations, 

presence of tributary flow was not evaluated at all. This survey focused on the lower 6.5 miles of Jim 

Creek.  

The surveyed locations are shown on Figure 3 and Figure 4 and are grouped by the following 

descriptions and approach used to estimate flow discharge: 

Cross-section ς Locations where stream discharge was measured using either a Pygmy meter or other 

flow estimation technique in combination with measurement of cross-sectional flow area (following 

Rantz 1982). 

Flow ς Locations where flow was observed and measured or estimated using floating object. Flow was 

visually estimated in some of these locations, but with more uncertainty. Other locations were known to 

be flowing at the time of the seepage study, but flow was not estimated. These are designated as; Flow 

ς No Measure. 
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No Flow ς Locations where tributaries were mapped or a surface discharge point to the mainstem creek 

was apparent, but no flow was observed during the seepage study or in the days immediately prior. 

Seep ς Unmeasurable diffuse surface discharge, often along a vertical streambank face above a less 

permeable sediment layer.  

Ecology Gage ς Ecology stream gage location. 

Unknown ς A location with possible surface discharge near off-channel ponds, but investigation was not 

exhaustive and the presumed absence of discharge is not certain.  

Field Measurements of Discharge 

The seepage study in Pilchuck Creek occurred on September 1 and 15, 2011. The seepage study in Jim 

Creek occurred on September 4, 2012. Flow measurement was accomplished with the use of a U.S. 

Geological Survey (USGS) Pygmy Meter, AquaCalc Pro computer (from JBS Instruments, Sacramento, 

CA), and a top set wading rod. The USGS mid-section method (Rantz 1982) was followed it is described 

online at:  

http://pubs.usgs.gov/wsp/wsp2175/pdf/WSP2175_vol1a.pdf 

Stream flow velocity was measured in feet per second, depth was measured in feet, and discharge was 

calculated (or visually estimated, where un-gaged) in cubic feet per second (cfs). Flow measurement 

locations were selected for ease of access to facilitate multiple seepage study measurements. Data 

recorded with the AquaCalc Pro were downloaded and summarized using the AquaCalc DataLink Pro 

software (JBS Instruments, Sacramento, CA; see Appendix A for more details). 

During the second seepage study ŎƻƴŘǳŎǘŜŘ ƻƴ tƛƭŎƘǳŎƪ /ǊŜŜƪ ƻƴ {ŜǇǘŜƳōŜǊ мрΣ ŀ άŘƛŜ-ƻŦŦέ ƻŦ 

filamentous algae and other aquatic plants in the water column significantly limited high-quality flow 

measurement and discharge estimation at most cross-sections. In many instances, the water column 

was filled with plant material that floated into the rotating Pygmy meter. Thus, these measurements 

were judged unreliable and have not been reported or used in this analysis. 

The Field Testing for Assessing Data Quality 

For quality-control purposes, replicate discharge measurements were made to assess the repeatability 

of measurements. Of concern was the potential for error (bias) between flow meters that would require 

post-calibration adjustment of flow measurements from different meters, although each was equipped 

identically (Pygmy meter, top set wading rod, and AquaCalc Pro computer). Measurement of flow 

velocity by different team members (controlling for flow and meters) was also evaluated. 

Discharge was measured across a single transect to compare individual velocity measurements 

(averaged over 40 seconds). The relative percent difference between flow meters for 11 back-to-back 

flow velocity measurements ranged from 0-7.8%, and averaged 2.5%. One of the flow meters was used 

to repeat the same velocity measurement at each selected transect location by a different team 

member. This inter-team relative percent difference ranged from 0-5.8%, and averaged 2.8%. The 

http://pubs.usgs.gov/wsp/wsp2175/pdf/WSP2175_vol1a.pdf
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relative percent difference between flow meters for the computed transect discharge was 1.2%. For the 

11 paired velocity measurements made with two flow meters there was no systematic bias in 

measurement: three pairs of velocity measurements were identical, three were greater, and five were 

less between the 1st and 2nd flow meter.  

Neither flow mater calibration nor post-processing data correction based on calibration was performed. 

The measurement performance objective for relative percent difference in this study was 5% for 

discharge calculation (Leonetti and Bylin 2011), which was met. One velocity measurement out of 11 

exceeded this performance objective. Using standard USGS categories for gage data quality, these 

results ǿƻǳƭŘ ōŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άvery good.έ They were obtained at an ideal cross-section location, 

however, and other locations with more boulders and velocity variability may produce greater error 

rates between observations. For comparison, Fulford (2001) expected relative percent difference for 

velocity to be 1.6-6.0% and Sinclair and Bilhimer (2007) used 10% relative percent difference as a quality 

objective for calculated discharge. 

Mapping  of Soils and Geology 

Base maps of saturated hydric soils (Snohomish County Geographic Information System [GIS] Hydric 

Soils layer) and highly permeable surficial geology (based on mapping units from Thomas et al. 1997) 

were used to support interpretation of map seepage study flow results, observations of tributary flow, 

and cold-water discharge locations. Alluvium, advance outwash, and recessional outwash deposits are 

the geologic deposits with higher permeability most likely to support groundwater recharge (if 

unsaturated) and to allow groundwater discharge (if saturated; Vaccaro et al. 1998), compared to other, 

less permeable deposits such as glacial till and bedrock that typically impede groundwater movement. 

Locations with saturated soil indicate high groundwater levels, which may contribute to maintenance of 

summer base flows. 
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Figure 3. Pilchuck Creek seepage study locations; River Miles 0-6.7. Seepage cross-section location labels 

are the same as Table 1. Cross-section nine and 2 tributaries not measured are shown in circled area. 
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Figure 4. Jim Creek seepage study locations. Seepage study location station numbers match those of 
Table 2. 

 

Results 

Pilchuck Creek  

Figure 5 displays Pilchuck Creek flow on September 1, 2011, based on Ecology stream gage data. The 

shaded block is the time period when the seepage study was implemented. Flow appeared to be 

relatively stable during the study, though the stream gage recorded rapid fluctuations in stage with no 

obvious cause. The fluctuation could be due to recording sensitivity during low-flow conditions, but they 

were not investigated further.  

Flow measurement results from the seepage study of September 1 are shown in Table 1. Detailed 

AquaCalc DataLink Pro output file metrics are included in Appendix B. Flow was measured or estimated 

at 15 locations, including seven lower Pilchuck Creek cross-sections, seven tributaries, and one other 

location where flow was visually estimated. Other locations visited (and shown in Figure 3) were dry. 

After measured surface-water inflows were accounted for between individual cross-sections, the 
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greatest increase in flow was observed in the reach between RM 0.3-0.9 (I-5 and Jackson Gulch Rd.; 

Stations 15 and 16), which was attributable to groundwater inflow. This groundwater inflow was 

estimated to be 7% of total baseflow in Pilchuck Creek on the day of measurement. Because the 

distance between the I-5 and Jackson Gulch Rd. stations was short (0.6 miles), the average rate of flow 

increase was 0.9 cubic feet per second [cfs]/mile, more than double the rate of flow increase measured 

anywhere else along Pilchuck Creek.  

Overall, the flow increase from the Highway 9 mainstem cross-section (Station 1) down to the Jackson 

Gulch Rd. (Station 16) cross-section was measured to be 3.5 cfs, a flow increase of 65% over 6.7 miles. 

Sources of surface water inflow account for only 40% of the total flow increase, with the remainder thus 

being attributed to groundwater inflow. More than three-fourths of this inferred groundwater 

contribution between Station 1 and Station 16 occurred downstream of Stanwood-Bryant Road (Station 

11), a distance of 3.1 miles, with the balance (23%) accumulating in the 3.6 miles upstream of Station 11. 

The relative flow contributions and downstream changes listed in Table 1 are shown in Figure 6. The 

arrows represent the trend of changes in groundwater contributions. The precise location of 

groundwater discharge near Stanwood-Bryant Road (Station 11) is not known. 

At the time of sampling, three surface-water tributariesτTributary 80 (Station 3), a Stanwood-Bryant 

Road tributary (Station 10), and a tributary (50065-50067) near the Stillaguamish Tribe Nursery (Station 

14)τcombined to contribute approximately 12% of total Pilchuck Creek flow. The other five tributaries 

with surface flow were estimated to contribute less than 4% of total flow. 

 

Figure 5. Pilchuck Creek flow at Ecology stream gage, prior to and after seepage study, September 1, 
2011 (11:08-15:30 in box). 
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Table 1. Pilchuck Creek Seepage Study Results, September 1, 2011. Mainstem locations and flows are bolded. Cross-section nine was not measured. 

Station Location (upstream to downstream) 

River 
Mile Flow 

(cfs) 

Flow Difference, 
Groundwater 
Seepage (cfs) 

Flow Increase, 
Groundwater 
Seepage, % 

Avg. Rate of 
Groundwater 

Increase, 
(cfs/miles) 

1 State Highway 9 mainstem 7.0 5.42 NA 
  2 Left bank tributary downstream of Highway 9 crossing 6.8 0.061 

   3 Tributary 80  6.7 0.29 
   4 Downstream of Tributary 80 mainstem 6.6 5.94 0.17 3.1 0.43 

5 Left bank tributary upstream of tree farm access  6.3 0.011 
   6 Right bank tributary upstream of tree farm access 6.0 0.021 
   7 Tree farm access mainstem 5.7 6.21 0.24 4.0 0.27 

8 Left bank tributary downstream of tree farm access 5.4 0.052 
   9 Cross section 9 and 2 flowing tributaries were not measured  Unk Unk Unk Unk 

10 
Left bank tributary upstream of Stanwood-Bryant Road 
(9/15/11 value used) 4.0 0.48 

   11 Stanwood-Bryant Rd. mainstem 3.4 6.82 0.083 1.33 0.043 

12 Left bank tributary from Beaver Terrace (8/9/11 value used) 3.0 0.21 
   13 Stillaguamish Tribe Nursery mainstem 2.1 7.58 0.56 8.2 0.43 

14 Right bank tributary at Tribe Nursery, Streams 50065-50067 2.0 0.31 
    Seeps from high sandstone terrace 1.9 Unk 
   15 I-5 mainstem 0.9 8.36 0.47 6.2 0.39 

 Tiny left bank inflow - not measurable over broken rubble 0.8 Unk 
   16 Jackson Gulch Rd. mainstem 0.3 8.93 0.57 6.8 0.89 

 Total (Distance from Highway 9 to Jackson Gulch Rd.) 6.7 3.51 2.09 59.5 0.31 

footnotes 1. Flow estimated based on timing floating object and measuring cross-sectional area 
 2. Flow was visually estimated      
 3. Groundwater flow is overestimated (and may be zero) as no flow measurement was obtained at two surface flow locations. 
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Figure 6. Pilchuck Creek flow measurement (left y axis) and calculated groundwater flow difference 
(right y axis) between cross sections and averaged groundwater seepage flow rate (right y axis). Ground 
water flow and flow rate/mi at RM 3.4 may be close to zero or negative (circled), indicating a losing 
reach. 

Locations with either surface or inferred groundwater inflow are shown in Figure 7. The locations of 

saturated hydric soils and highly permeable surficial geology are also shown. Locations of surface inflow, 

which commonly contribute colder water, are shown with arrows. Eleven out of 17 flow contributions 

originated from the left bank of Pilchuck Creek (white arrows, including seeps), draining permeable soils 

and geologic deposits east of lower Pilchuck Creek. The eight tributary locations with no flow all 

originated from the right bank of Pilchuck Creek.  

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

11.00

12.00

13.00

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

G
ro

u
n

d
w

a
te

r 
fl
o

w
 d

if
fe

re
n

ce
 A

N
D

 f
lo

w
 r

a
te 

S
u

rf
a
ce

 f
lo

w
, 
C

F
S

, 
m

a
in

 +
 t
ri

b
u

ta
ri

e
s

 

River Mile 

Surface flow (cfs), main + tributaries

GW flow difference between cross-sections

GW flow rate, (cfs/mi)



X:\SWMwide\CCWGrant\2010\Stilly Temp\Streamflow\Seepage\Seepage Study.doc  14 
 

 
Figure 7. Overlay of seepage study result, flow observations, hydric soils, and permeability of geologic 
deposits (based on Vaccaro et al. 1998). Generalized right- and left-bank directional inflow (blue and 
white arrows, respectively) is shown. 


















